INTRODUCTION
Venepuncture and the insertion of peripheral venous catheters are common invasive procedures carried out in health care. In many countries, these tasks are performed by nurses. It is therefore essential that nursing students acquire the knowledge and skills necessary to perform these procedures safely and effectively. Furthermore, to confirm this, students must have their knowledge and skills assessed during the performance of these procedures. To date there is a lack of standardized instruments available to facilitate such assessments.
In accordance with the Bologna Declaration's overall aim of creating a European Higher Education Area, several changes in the nursing education system have taken place (1, 2) . One such change is an emphasis on learning out-(4-6). A limited number of methods and instruments for assessing nursing students in their clinical training have previously been developed. One example is the Assessment of Clinical Education form (AssCe) which aims to assess the general ability of students in applying and integrating aspects of cognitive, affective and psychomotor skills incorporating knowledge, skills, values and attitudes (7, 8) . An example of a method for assessment of specific skills is the Objective Structured Clinical Examination (9, 10) which has been adopted as a tool to assess students' competence in a range of areas in medical as well as in nursing education programmes (11) . Although tools exist, there is still a lack of validity-and reliability tested instruments for assessing specific clinical procedures.
There is a considerable risk of catheter-related complications and needle stick injuries associated with performing venepuncture and the insertion of peripheral venous catheters (12, 13) . To identify and confirm that the skills of nursing students are up to standard and to increase patient safety, nursing students in most countries, including Sweden, receive theoretical knowledge on performing venepuncture and the insertion of peripheral venous catheters. They also receive practical training using, for example, a plastic mannequin arm prior to clinical practice periods (14, 15) . During clinical practice, nursing students are supervised by preceptors. A preceptor is a staff nurse who instructs and guides students in a clinical setting. This means the clinical practice is supervised and assessed based on the preceptor's theoretical knowledge and clinical experience, items that may vary between preceptors (16) . Some students have limited opportunities in a clinical setting to practice venepuncture and the insertion of peripheral venous catheters, and might therefore not receive sufficient training.
The procedure of venepuncture and the insertion of a peripheral venous catheter are very common tasks in the professional role of nurses in Sweden and other countries. This, together with the risks involved in these procedures, implies a need for a standardized assessment during basic education. Standardized assessment may also prove to be a safer and more reliable assessment of performance than the subjective assessment often conducted today. Therefore, the aim of this study was to develop and test instruments for assessing nursing students' knowledge and skills when performing venepuncture and inserting a peripheral venous catheter.
MATERIALS AND METHODS
In this study, two instruments were developed to assess the procedures of venepuncture and inserting peripheral venous catheters. The instruments were developed using the following steps: collecting items for the instruments, item reduction, usability test and assessment of reliability.
Generation of items for the instruments
To obtain information about possible items to be included in the assessment instruments, video films of nurses performing venepuncture and inserting peripheral venous catheters on patients were recorded. The nurses performed the procedures in accordance with local clinical guidelines at Karolinska University Hospital (17) , which were based on national evidence-based clinical guidelines. Two situations were recorded, one involving venepuncture and one involving the insertion of peripheral venous catheters. Each film was approximately seven minutes in length.
Three focus groups were then created consisting of: former patients from patient associations (three women and one man), nursing students from a University College (six women and one man), and nurses from a University Hospital (four women). The recruitment of patients, nursing students and nurses was based on submission of interest in response to an advert. Each focus group interview commenced with participants watching the films. Participants were then instructed to make individual annotations on what they considered to be important aspects when performing venepuncture and inserting a peripheral venous catheter. A recorded discussion then took place during and after seeing the films a second time. Participants discussed what they considered to be important. One researcher (C. A.) led the discussion in each group and another researcher (B. K.) operated the recorder and took notes during the discussions. The discussions lasted between one and a half and two hours per group.
The data collected from the focus group interviews was read through several times to establish an overall impression of the participants' perceptions, and then categorized into assessment items. In total, 48 assessment items were identified for venepuncture and 51 for inserting peripheral venous catheters. Each item was thereafter sorted into one of several categories (Tab. I and II). This yielded an initial version of the two assessment instruments: assessment of venepuncture and assessment of peripheral venous catheter insertion.
Item reduction
Assessment items were reduced in two rounds using a method based on the Delphi method which is a systematic interactive approach where independent, anonymous experts are used to explore divergence as well as gain consensus or a judgment among the experts on a specific topic (18) (19) (20) .
Using a heterogeneous group of experts from diverse backgrounds with different perspectives on a problem may produce more reliable results than using a homogeneous group (21, 22) . To guarantee a wide base of knowledge regarding the target area in this study, an expert group consisting of nurses, lecturers and nurses with a Doctoral degree was formed to assess the suggested assessment items in the two assessment instruments (22) . A key question in any Delphi study is what percentage agreement a researcher would accept as synonymous with consensus (23) . There is no recognized guideline on an appropriate level of consensus. Because items in this study were generated both from guidelines and focus groups a high agreement, i.e. 90%, was estimated to be the minimal cutoff level in the second round of this study. An inquiry letter seeking nurses interested in taking part in the study as experts was sent to ten head nurses at two hospitals. The inclusion criteria for the nurses was that they have a bachelor's degree in nursing, had been clinically active as a nurse for the last five years, and had had daily experience of supervising students performing venepuncture and inserting peripheral venous catheters. In total, ten nurses were willing to participate. Headmasters at the 25 University Colleges with Nursing Education in Sweden were asked in a letter to recommend one or two lecturers or nurses with a Doctoral degree to participate as experts. Inclusion criteria for participation were that the lecturers had clinical experience of performing venepuncture and inserting peripheral venous catheters within the last year and the nurses with a Doctoral degree should have had experience of clinical nursing research or an interest in clinical education concerning venepuncture and inserting peripheral venous catheters.
Of the 25 University Colleges, 19 agreed to take part giving a total of 41 experts (lecturers n=31 and nurses with a Doctoral degree n=10).
Round 1
The initial versions of the instruments Assessment of Venepuncture and Assessment of Peripheral Venous Catheter Insertion were sent by mail to all participating experts (n=51) with an introduction letter. The experts were asked to assess the relevance of each proposed assessment item in the instruments (Assessment of Venepuncture; 48 items and Assessment of Peripheral Venous Catheter Insertion; 51 items). They were also asked to make comments about word choice, tenses and content. Furthermore they were asked to answer the question: Do you consider that the following assessment item should be included in the instrument, with one of the following alternatives: No absolutely not, No doubtful, yes maybe and yes absolutely. After sending out one reminder letter, 76% and 80% of the experts responded on the instruments Assessment of Venepuncture and Assessment of Peripheral Venous Catheter Insertion, respectively. The response alternatives were given scores as follows: No, absolutely not (one point), No, doubtful (two points), yes, maybe (three points) and yes, absolutely (four points). Most experts (98%) were of the opinion that all suggested items should be included (they scored yes, absolutely). The mean values for the assessment items in the Assessment of Venepuncture instrument ranged from 2.7-4.0 and in the Assessment of Peripheral Venous Catheter Insertion instrument from 2.8-4.0. Items with a mean value of less than three were excluded, which led to two items being excluded, one in each instrument. Written comments were taken into consideration and incorporated into the instruments.
Items considered by the experts as having the same meaning or similar content also led to a reduction of items (Assessment of Venepuncture n=14 and Assessment of Peripheral Venous Catheter Insertion n=14). A summary based on the results from Round 1 and a revised version of the instruments now including 33 Assessment of Venepuncture and 36 Assessment of Peripheral Venous Catheter Insertion assessment items were then sent to the experts for Round 2.
Round 2
In the second round, the experts were asked their opinion regarding whether each assessment item should be kept or excluded. If they suggested exclusion they were asked to explain why. The response rate in round two for the Assessment of Venepuncture and Assessment of Peripheral Venous Catheter Insertion instrument was 80% and 78%, respectively. The number of experts agreeing that each item should remain ranged from 85% to 100% for the Assessment of Venepuncture instrument and 75% to 100% for the Assessment of Peripheral Venous Catheter Insertion instrument. Items with an agreement rate lower than 90% were considered for exclusion, leading to two items in the Assessment of Venepuncture instrument and three items in the Assessment of Peripheral Venous Catheter Insertion instrument being removed. In addition to this, two items in the Assessment of Venepuncture instrument and three items in the Assessment of Peripheral Venous Catheter Insertion instrument were slightly modified based on comments made by the experts.
After round two, the research group produced response options to the instruments. First, each item had to be assessed based on whether or not the item involved the student carrying out a task (yes or no). Secondly, if the item involved the student carrying out a task, it needed to be assessed according to whether or not the procedure was carried out correctly (yes or no).
Usability test
The versions of the instruments with 31 and 33 items (Tab. I and II) were further tested to establish whether the order of items was possible to follow and assess.
Six nurses from two hospitals tested the instruments on 18 nursing students in their third semester of study (of a six semester programme). Students performed venepuncture (n=10) and inserted a peripheral venous catheter (n=8) on patients during their clinical practice. The nurses were given written information on how the instruments should be used and assessed. The nurses observed the students during the procedures and marked with an X the response option that best described the student's performance. Assessment of venepuncture took 5-7 minutes and assessment of inserting peripheral venous catheters took 12-15 minutes. All six nurses who performed the assessments found the instruments easy to follow.
Assessment of reliability
The instruments were thereafter assessed for inter-rater reliability by clinical lecturers (n=12) who in pairs, but independently of each other, observed and assessed nursing students (women n=38 and men n=12) performing venepuncture and inserting a peripheral venous catheter.
The items assessing documentation of performed procedures (Tab. I; Assessment of Venepuncture; Number 31 and Tab. II; Assessment of Peripheral Venous Catheter Insertion; Number 33) were excluded from the reliability tests because a documentation review was not possible to perform because of logistic reasons. Assessments were carried out using volunteers (n=10) as patients. Clinical lecturers were given verbal and written information about the instruments and instructions on how the assessment should be carried out.
The students included were in their third semester of study and had completed eight weeks of clinical practice at a University Hospital. Prior to their clinical practice, the students were instructed both theoretically and practically by clinical lecturers on performing venepuncture and inserting peripheral venous catheters. In addition to training on actual patients with supervision from preceptors during the clinical practice, students had the opportunity to self-train at a "Clinical Skills and Simulation Center". Students gave their written informed consent before taking part in the study.
The assessments were performed over a four-day period at a Clinical Skills and Simulation Center at a University Hospital. When the student entered the room they were instructed to inform the patient about the procedure of venepuncture and insertion of a peripheral venous catheter. The procedures were thereafter carried out by the student on an arm mannequin placed beside the patient. Necessary equipment was placed in each room. Two clinical lecturers (assessor 1 and 2) observed the procedure and assessed the student by filling in the instruments.
Ethical considerations
This study was reviewed by the Regional Ethics Committee in Stockholm. All included participants, patients, nurses, nursing students and lecturers participated voluntarily and were given verbal and written information about the aim of the study and procedures. The nursing students who were observed and assessed when they performed venepuncture and inserted a peripheral venous catheter signed a written informed consent before enrolment.
Data analysis of reliability
Proportional agreement and Cohen's kappa coefficient are statistical measures that can be used for determination of agreement between assessments among raters (inter-rater reliability) when categorical data are collected. The advantage of kappa is that it adjusts the observed proportional agreement to take account of the amount of agreement which would be expected by chance. The proportion of agreement and Cohen's unweighted kappa (24) were calculated for each item in both instruments in order to evaluate agreement regarding if the item was carried out or not, and if the procedure was carried out correctly or not (Tab. I and II).
The equation for Cohen's kappa coefficient (25) is:
where p is the relative observed agreement among raters, and pe the hypothetical probability of chance agreement. The kappa value ranges between -1 and +1. A value equal to +1 suggests perfect agreement between the raters, whereas -1 means perfect disagreement. A kappa of 0 implies no agreement beyond chance (26) .
The following ranges were applied to interpret the magnitude of Cohen's kappa obtained; ≤0 = poor, 0.01-0.20 = slight, 0.21-0.40 = fair, 0.41-0.60 = moderate, 0.61-0.80 = substantial, and 0.81-1 = almost perfect (27) . Low, invalid kappa values may arise because of either low or high prevalence of the assessed item although a high proportion of agreement (28, 29) . Consequently, for inter-rater reliability, kappa was calculated when the agreed prevalence for the response alternatives (procedure carried out and performed correctly) was between 10% and 90% (=proportion of responses) (28) . Negative kappa values are not presented. Data were analyzed using the statistical software IBM SPSS Statistics version 20 (SPSS Inc, Chicago, IL, USA).
RESULTS
The inter-rater reliability results represented by calculated values of proportion of agreement and Cohen's kappa are reported in Tables I and II . When analyzing the data, it appeared that not all students were assessed for all items by both of the assessors. The median number of students who were individually assessed by both assessors per item was 46 (range 32-50) in the Assessment of Venepuncture instrument (Tab. I) and 46 (range 30-50) in Assessment of venepuncture and catheterization the Assessment of Peripheral Venous Catheter Insertion instrument (Tab. II).
Assessment of Venepuncture Instrument
The proportion of agreement values regarding whether or not the student carried out a procedure for the item ranged between 0.76-1 with a median of 0.98 in the Assessment of Venepuncture instrument (30 items tested). For 15 items, the agreed prevalence exceeded 90%, kappa was thus calculated for the remaining 15 items. Kappa ranged from 0.29-1 with a median of 0.65. In addition, two items generated negative kappa values. For 85% of items, kappa ranged between moderate and almost perfect (0.44-1): moderate (three items), substantial (seven items), almost perfect (one item). Two items were found in the fair range (Tab. I; Number 11 and 20).
Agreement regarding whether or not the procedure was carried out correctly showed the following results; proportion of agreement ranged from 0.91-1 with a median of 1 and kappa ranged from 0.36-1 with a median of 0.64. Kappa ranged between moderate and almost perfect (0.45-1): moderate (two items), substantial (two items), almost perfect (two items). One item was found in the fair range (Tab. I; Number 6).
Assessment of Peripheral Venous Catheter Insertion Instrument
The proportion of agreement regarding whether or not the student carried out a procedure for the item in the Assessment of Peripheral Venous Catheter Insertion instrument (32 items tested) ranged from 0.66-1 with a median of 0.98. Kappa was calculated for 13 items and ranged from 0.22-1 with a median of 0.53, with one negative kappa-value. For 75% of the included items in the instrument, kappa ranged between moderate and almost perfect (0.41-1): moderate (four items), substantial (three items), almost perfect (two items). Three items were found in the fair range (Tab. II; Number 5, 10 and 30).
The proportion of agreement regarding whether or not the procedure was carried out correctly ranged from 0.80-1 with a median of 1. The corresponding kappa ranged from 0.33-1 with a median of 0.55. Kappa ranged between moderate and almost perfect (0.41-1): moderate (four items), substantial (one item), almost perfect (one item). Two items were found in the fair range (Tab. II; Number 8 and 27).
DISCUSSION
The test results of the two instruments, Assessment of Venepuncture and Assessment of Peripheral Venous Catheter Insertion, indicate that they are reliable in assessing students' knowledge and skills during the procedures venepuncture and inserting a peripheral venous catheter. Most items in the instruments demonstrated substantial to almost perfect agreement. This might be accounted for by the combined methods used to develop the instruments.
The focus groups used to generate items for the instruments, with included nurses, students as well as patients, gave a broad variation of important aspects when performing venepuncture. The patients' participation gave an important contribution concerning the subjective experience of undergoing these procedures. The mix of individuals and the variety of perspectives may therefore have enhanced the content validity. Patient participation in education and training is common in many nursing programmes (30) . However, the involvement of patients in the development of pedagogic methods is still highly unusual (31, 32) .
The instruments were finalized using a method based on the Delphi method, which was compiled in two rounds. Two or three rounds are most common when applying this method (8, 20, 33) . Interestingly, most of the experts thought that all items should be strictly maintained. The reason behind such a high level of agreement might be that this step in the process of developing the instruments was preceded by the broad variation in opinions of the focus groups. The usability test further supported the claim that the instruments were easy to use and acceptable regarding time consumption, which could also further support the content validity of items.
For the assessment of reliability, the pairs of clinical lecturers could agree or not agree on whether the student carried out the assessment items and whether the procedure was performed correctly. In general, the assessors agreed to a very large extent, reflected by a high proportion of agreement and kappa values, on most items in both instruments, which indicates satisfactory reliability. However, the items included in the category "Environment" showed a lower response rate, i.e. not all students were assessed for all items by both of the assessors. This could be because of assessors finding it difficult to assess whether the students met the criteria regarding environment, as the students had limited possibility to influence this e.g. the patient's comfort ( Although lower reliability and response rates were found regarding items relating to the "Environment", we see no reason to exclude these items as the environment was viewed as an important aspect by both participants in the focus groups and the experts.
Confirming a patient's identity (Tab. I; Assessment of Venepuncture; Number 5 and Tab. II; Assessment of Peripheral Venous Catheter Insertion; Number 5) before venepuncture or inserting a peripheral venous catheter is an obligatory task (12, 34, 35) . This item's response rate and kappa value was lower for Assessment of Venepuncture than for Assessment of Peripheral Venous Catheter Insertion. A possible explanation for this is that the two procedures were performed consecutively. Students may have confirmed patient identity before the first procedure, and therefore thought it unnecessary to confirm identity again before inserting the peripheral venous catheter. To be able to make a correct assessment here, students need to be informed of the importance of accurate patient identification prior to each procedure (36) .
Although the instruments have been developed during several steps there is a small number of limitations that needs to be addressed. Firstly, the kappa values could not be calculated for all items because several items had a high prevalence. However, the percentage of agreements for these items were high indicating satisfactory reliability. Secondly, test-retest reliability for the instruments has not been assessed. Test-retest reliability gives an indication of the stability of an instrument over time, by estimating the correlation coefficient from a test carried out on two separate occasions on the same group. Such reliability results could be of value, for example in situations where the same teacher needs to reassess a student who previously failed the assessment.
The results indicate that the instruments developed can be used for the assessment of students' knowledge and skills when performing venepuncture and inserting a peripheral venous catheter. Standardization may increase assessment reliability. Teachers/examiners using the in-struments should, however, take into consideration that a limited number of items may be difficult to assess because of the environment the student is assessed in, e.g. a Clinical Skills and Simulation Center where the interior often cannot be changed, or another environment. If a single item is impossible to assess, it can still be assessed in an overall manner and be discussed with the student in connection with the assessment.
CONCLUSIONS
This study has shown that the two developed instruments Assessment of Venepuncture and Assessment of Peripheral Venous Catheter Insertion can be used in a standardized way to assess nursing students' knowledge and skills when performing venepuncture and inserting a peripheral venous catheter. According to the results obtained, both instruments show satisfactory reliability, with the exception of a small number of items assessing environmental aspects. The developed instruments can also be useful for clinical nurses as a support in their supervision of students; students can also use the instruments for training purposes, and they may increase patient safety in the long-term.
